Abstract The clarification or fining of wine removes undesired substances (mainly proteins, phenols, and tannins
Introduction
A wide variety of agents has been used as wine fining agents: bovine blood, egg whites, milk caseinates, isinglass, horse gelatins, seaweed, clay, and others. Modern enology uses both organic and inorganic fining agents. Albumen/egg white proteins are common fining agents for red wine; their colloidal nature and a positively charged surface attracts negatively charged tannins, which can produce undesired astringency. Egg white proteins have optimal fining properties, but any residues left in wine could represent a risk for subjects with an allergy to eggs, which can have dangerous clinical consequences. Though quite rare in adults, it does occur (Asero et al. 2009a, b) .
The The exemption included agents used in wine production in order to allow clinical and experimental evaluation of the risk of adverse reactions in allergic subjects after consumption of treated wine. The Commission Implementing Regulation (EU) no. 579/2012 (Commission Implementing Regulation (EU) no. 579/2012) amended the previous regulations, establishing that its entry into force (as regards labeling procedures concerning milk and egg derivatives) was postponed to wine completely or partially made from grapes harvested in 2012 or later and labeled after 30 June 2012.
According to the new regulation, wine labeling exemption can be maintained only if (1) egg and milk derivatives are not used and cross-contamination is under control; and (2) wine clarified with such products is negative for the presence of residues using techniques with detection and quantification limits of 0.25 and 0.5 ppm, respectively. Analytical requirements were defined in the OIV resolution 427-2010 427- (OIV 2010 modified by OIV/COMEX 502-2012 (OIV 2012 .
The aim of this study was the validation of a commercial ELISA kit designed to detect allergenic residues in wine fined with egg white proteins. To this purpose, an interlaboratory collaborative trial was organized according to the OIV Compendium of International Methods of Analysis MA-AS1-09:R2000 (Compendium of International Methods of Analysis of Wines and Musts -OIV 2013a), and the results were evaluated taking into consideration the analytical criteria listed by OIV resolution 427-2010 modified by 502-2012 502- (OIV 2010 502- , 2012 .
In the meantime, the performance of the commercial caseinate ELISA kit for white wine, previously validated (Restani et al. 2012) , was rechecked according to the new limit of detection (LOD) and limit of quantification (LOQ) values, recommended by OIV in 2012 (OIV 2012).
Materials and Methods

ELISA Test
Commercial "sandwich" ELISA kit for detection of egg white in wine (Euroclone SpA) was used. The antibody, developed in rabbit versus commercial enological ovalbumin (egg white), was checked for its specificity. The immunoreactivity evaluated by immunoblotting technique showed that the antibody was capable to recognize all proteins present in the electrophoretic pattern of different fining agents (Restani et al. 2009 ).
Samples Included in the Study
Twelve blind red wine samples were prepared at the Dipartimento di Scienze Farmacologiche e Biomolecolari, Università degli Studi di Milano, and sent to the involved laboratories. Three different types of red wine were used: The physicochemical characteristics of these types of wine are listed in Table 1 . The wines were chosen to verify the performance of the test, when applied to samples having different alcoholic strenght, dry extract, and pH.
Twelve samples were prepared spiking wine with enological egg albumin to obtain a final concentration ranging from 0 to 7 ppm (Table 2) :
Samples were thoroughly mixed to ensure a good dispersion of the fining agent and stabilized with gelatine at very low concentration (<0.001 %) to avoid any precipitation. Samples were identified by a serial number (blind samples) and sent to each interlaboratory test participant. Samples were stored and shipped at 4°C.
Interlaboratory Trial Organization
The 11 laboratories included in this trial and listed below were experienced in ELISA analysis. A lab-code number was assigned to each laboratory. 
Analysis
The parameters used for validating the ELISA method are described below.
Repeatability limit (r ) is the value below which the absolute difference between two single test results, obtained using the same method on identical test material, under repeatability conditions (same sample, same operator, same apparatus, same laboratory, and a short interval of time) may be expected to lie within a specified probability (typically 95 %) and hence r =2.8 x S r .
S r is the standard deviation, calculated from results generated under repeatability conditions.
The relative standard deviation (RSD r ) is calculated from results generated under repeatability conditions, according to the equation: S r =x; where x is the mean of results over all laboratories and samples.
Reproducibility limit (R ) is the value below which the absolute difference between two single test results, obtained under reproducibility conditions (on identical material, obtained by operators in different laboratories, using the standardized test method) may be expected to lie within a certain probability (typically 95 %); R =2.8 * S R . S R is the standard deviation, calculated from results under reproducibility conditions.
The relative standard deviation (RSD R ) is calculated from results generated under reproducibility conditions according to the equation:
HORRAT (Ho R ) value is calculated by the ratio (AOAC 2012a):
PRSD R Reproducibility relative standard deviation calculated from the Horwitz formula: Recovery is the fraction or percentage of the analyte that is analytical determined when the test sample is conducted through the entire method (AOAC 2012b).
General Principles
The test was performed under the following conditions:
1. The protocol was clear and precise. 2. The samples used in the trials were taken from homogeneous batches of material. 3. The levels of the analyte to be determined covered the hypothetical concentrations of residues. 4. All laboratories taking part have a good experience in the technique employed. 5. For each participant, all analyses were performed within the same laboratory by the same analyst. 6. The method was well described and had to be followed as strictly as possible. Any change from the method described had to be documented. 7. The experimental values were determined under strictly identical conditions, which were described in the protocol given to all participants. 8. The experimental values were determined independently of each other and immediately one after the other. 9. The results were expressed by all laboratories in the same units (milligrams per liter), to the same number of decimal figures.
The ELISA kit was sent to each laboratory with the blind samples and the detailed protocol.
The protocol described in detail:
1. Samples and kit storage 2. Protocol for the ELISA reader check 3. Sample preparation 4. ELISA test protocol 5. Interpretation of results (a specific excel file was prepared and sent by e-mail)
Specific critical points were highlighted in the protocol in order to avoid any possible mistake during the analyses.
The protocol of ELISA test is summarized below:
1. All blinded samples (1-12), negative and positive controls must be diluted (1:10, v /v ) with the buffer provided with the kit. 2. Egg white standards are supplied ready to use and must be directly loaded in the microplate to prepare a standard curve ranging from 0.061 to 2 ppm. 3. The blinded samples (1-12), the negative and positive controls, and different standard solutions must be loaded in duplicate into the microplate and incubated for 20 min at room temperature. All samples must be prepared twice and analyzed as two different samples (1a and 1b; 2a and 2b, etc.) (Table 3) . 4. After a washing step, the specific antibody HRP conjugate must be added and allowed producing the suitable binding with an incubation of 20 min at room temperature. 5. The last incubation (25 min, at room temperature) with the chromogen substrate must be done after an additional washing step. The stop solution must be added and absorbances read at 450 nm with a calibrated ELISA reader. 6. Raw data (OD) must be reported in the excel file sent to all laboratories, which produced an automatic quantification. 7. All elaborated sheets must be sent to the interlaboratory trial coordinator (Università degli Studi di Milano), which collaborated with Unione Italiana Vini for the statistical elaboration.
Statistical Analysis
Statistical analysis was performed according to the norm UNI 
Results
Interlaboratory Trial to Validate the Egg White Protein ELISA Kit
Reproducibility, Repeatability, Horrat, Recovery, and Trueness
The assessment of the reproducibility and repeatability with Horrat and trueness values is summarized in Table 4 . All samples had Horrat value below or equal to 2, according to the OIV Resolution 427-2010 (OIV 2010) modified by OIV/COMEX 502-2012 (OIV 2012). Samples 3, 7, and 12 are not included in Table 4 , since they were below the calculated LOQ (see "Detection and Quantification Limits"). For all samples, the trueness condition was satisfied. The mean recovery value 93.48 % obtained from the collaborative study is in accordance with the OIV resolution mentioned above.
Detection and Quantification Limits
To determine the detection limit (LOD) and the quantification limit (LOQ), the protocol described in the OIV-MA-AS1-10 (Compendium of International Methods of Analysis of Wines and Musts -OIV 2013b) was applied. The limits were calculated by the procedure "Determination on blank" using the data from all laboratories (Table 5) .
Results from interlaboratory collaborative study showed that the commercial egg white ELISA kit for red wine is in agreement with the resolution OIV-Comex 502-2012 (OIV 2012).
Reevaluation of the Caseinate ELISA Kit
The validation of egg white protein ELISA kit allowed the authors to recheck the compliance of the caseinate kit included in the former interlaboratory trial (Restani et al. 2012 ). This was necessary, after the update of OIV 427-2010 resolution in 2012, where new and lower LOD and LOQ were approved. 
Detection and Quantification Limits
The LOD and the LOQ reported in the article by Restani et al. (2012) were calculated using data coming from all laboratories involved in the study (10 laboratories To revalidate the caseinate ELISA kit, the LOD and LOQ were recalculated, eliminating the outliers according to the Cochran test, in order to compare variances among laboratories. One laboratory was outlier and the relative data were eliminated. The new LOD and LOQ values (Table 6 ) were in agreement with the new OIV resolution, since LOD was≤0.25 ppm (0.1517 ppm) and LOQ≤0.5 ppm (0.3813 ppm).
Recovery
Recovery was calculated from spiked samples and the average, calculated on 10 laboratories, was 91.05 % in accordance with the OIV resolution (OIV 2010).
Trueness
In order to calculate the trueness, the repeatability was evaluated for samples 5 and 10 that are the duplicate of samples 4 and 9, respectively. Data are reported in To verify the performance of the validated ELISA tests at LOD and LOQ concentrations, three samples of white and two samples of red wine were spiked and measured according to the kit instructions. Results are reported in Table 8 . The ELISA method showed optimal recovery at both LOD and LOQ spiking levels.
Conclusions
The ELISA test is one of the most usual analytical methods applied for the detection of allergens in food. The specificity and sensitivity of immunological procedures is well known. Moreover, for the limited equipment required, ELISA test can be applied in most laboratories involved in quality control. Samples refer to the previous paper by Restani et al. (2012) The critical point in ELISA methods is the effect of any food composition (matrix) on allergen determination. This is the reason why a specific protocol must be developed for any food/beverage analyzed. This paper illustrates the data obtained applying an ELISA test to the detection of allergenic residues in wine clarified with milk caseinates and egg white proteins. The assay is extremely handy (reagents are mostly ready to use), internally monitored by negative and positive "wine" controls; finally, it is relatively quick (1 h to analyze roughly 80 samples).
The collaborative interlaboratory studies showed that the ELISA kits used in this study had good reproducibility, repeatability, and robustness in detecting residues of allergenic fining agents in wine till the LOD level, according to the OIV resolution 427-2010 427- (OIV 2010 modified by OIV/COMEX 502-2012 (OIV 2012) requirements.
